Picornaviruses encode for their own proteinases, which are responsible for the proteolytic processing of the polyprotein encoded in the viral genome to produce the mature viral polypeptides. The two poliovirus proteinases, known as proteins 2A and 3C, use the poliovirus-encoded polyprotein as a substrate. The possibility that these poliovirus proteinases also degrade cellular proteins remains largely unexplored.
Picornaviruses encode for their own proteinases, which are responsible for the proteolytic processing of the polyprotein encoded in the viral genome to produce the mature viral polypeptides. The two poliovirus proteinases, known as proteins 2A and 3C, use the poliovirus-encoded polyprotein as a substrate. The possibility that these poliovirus proteinases also degrade cellular proteins remains largely unexplored.
High-resolution two-dimensional gel electrophoresis indicates that a few cellular proteins disappear after poliovirus infection. Thus, at least nine acidic and five basic cellular proteins, ranging in Mr from 120 to 30 kilodaltons, are clearly degraded during poliovirus infection of HeLa cells. The degradation of these cellular polypeptides is very specffic because it does not occur upon infection of HeLa cells with encephalomyocarditis virus or Semliki Forest virus. Moreover, inhibitors of poliovirus replication, such as cycloheximide or 3-methylquercetin, block the disappearance of these polypeptides. These results suggest that the input virions are not responsible for this degradation and that active poliovirus replication is required for the proteolysis to occur. Analysis of the time course of the disappearance of these polypeptides indicates that it does not occur during the first 2 h of infection, clearly suggesting that this phenomenon is not linked to the poliovirus-induced shutoff of host protein synthesis. This conclusion is strengthened by the finding that 3-methylquercetin blocks proteolysis without preventing shutoff of host translation.
Cellular and viral proteases play an important part in the genesis of proteins with full biological activity (5, 17) . The two known poliovirus proteases, polypeptides 2A and 3C, have a selectivity for cleavage of the tyrosine-glycine (YG) and glutamine-glycine (QG) pairs, respectively, present in the poliovirus polyprotein (3, 5, 13, 17, 20-23, 25, 27) . However, not all YG or QG pairs that occur in this polyprotein are recognized and cleaved by proteinases 2A and 3C, suggesting that the folding of this molecule plays a part in regulating which cleavages take place (4, 17, 20, 21) . In fact, these two proteinases are thought to be very selective in the recognition of their substrates, since proteins from cardioviruses or even other viral proteins are not degraded when mixed-infection experiments are carried out (1, 2, 7, 9) . Previous studies indicated that cellular proteins are not substrates for the poliovirus-encoded proteinases and are apparently not degraded during viral infection (14) . There is only one cellular protein known to be degraded during poliovirus replication, the p220 polypeptide that forms part of the cap-binding complex (11, 26) . However, neither of the poliovirus proteases seems to be directly involved in its degradation (16) (17) (18) (19) . Infection of BHK cells with foot-andmouth disease virus seems also to degrade the cellular protein histone 3 (12) . However, a thorough study of the possibility that cellular proteins are substrates of the poliovirus proteases is still lacking.
Two-dimensional (2-D) gel electrophoretic analyses of translation initiation factors from mock-infected and poliovirus-infected cells reveals no differences (10) Analysis of proteins by 2-D gel electrophoresis. The procedure for 2-D gel electrophoresis has been described in detail elsewhere (6) . Briefly, the first-dimension separations of acidic proteins (isoelectric focusing) were performed on polyacrylamide gels (230 by 1.5 mm; 4%, wt/vol) containing 4% ampholytes (3.2% at pH 5 to 7 and 0.8% at pH 3.5 to 10). The first dimension of basic protein nonequilibrium gel electrophoresis was done exactly as described previously 4730 URZAINQUI AND CARRASCO (6) . The (Fig. 1B) . The disappearance of those proteins is very reproducible, since this experiment was repeated four times with the same results. The disappearance of these proteins could have been due to protein modification (methylation, phosphorylation, etc.) after poliovirus infection, although the most likely possibility is that they were degraded by poliovirus proteases.
To determine the kinetics of cellular protein degradation, the proteins present in the three regions depicted in Fig. 1 were analyzed every hour p.i. and compared in Fig. 2, 3 , and 4. Also, poliovirus-infected cells in the presence of an inhibitor of translation such as cycloheximide or an inhibitor of poliovirus RNA replication such as 3-methylquercetin were included as controls. The degradation of these proteins in HeLa cells infected with other viruses, such as EMC, VSV, and SFV, has also been analyzed. The controls for protein synthesis in the presence of the inhibitors and also the proteins synthesized in cells infected with these viruses were analyzed (results not shown). They indicated that the inhibitors were acting adequately and that the viruses were in fact replicating in these cells. Figure 2 shows the degradation of proteins in the region labeled 1 in Fig. 1A . Proteins 2, 3, and 6 showed similar degradation kinetics, and they almost disappeared by 3 h p.i. Protein 4 suffered a higher level of degradation, but these four proteins were all clearly apparent at 2 h p.i. (Fig. 2D) In poliovirus-infected HeLa cells treated with cycloheximide (Fig. 2L) and collected 6 h p.i., a doublet spot that appeared in the control gel did not appear (Fig. 2K) . The disappearance of this spot was not connected with viral gene expression, since cycloheximide was present from the beginning of poliovirus infection. It is possible that this degradation was coupled with virus internalization. The level of this polypeptide was reduced in control poliovirus-infected cells, and it disappeared in the infected cells treated with 3-methylquercetin (Fig. 2N) . In this instance, two other proteins were absent that were not degraded in control infected cells. Other viruses, such as EMC, SFV, and VSV, did not produce the degradation of these proteins even at 6 h p.i. Only VSV infection induced the disappearance of protein 4.
The region of the gel marked 2 ( Fig. 1) is shown in more detail in Fig. 3 There were also clear reductions of some basic proteins (nonequilibrium gel electrophoresis), all located in the region labeled 3 (Fig. 4) . These polypeptides were present 2 h p.i., and some clearly began to disappear at 3 h. By 5 h p.i., none of the polypeptides labeled 1, 2, 3, 4, or 5 were seen in the gels. Two additional proteins, labeled a and b, appeared at 3 h p.i.; the relationship of these two polypeptides (a and b) to polypeptides 1 to 5 was unclear, because the molecular masses of a and b were higher than those of 1 through 5. We have been unable to detect the disappearance of basic proteins of Mrs higher than those of a and b that could account for the generation of these two proteins.
In parallel experiments we analyzed the inhibition of host protein synthesis induced by poliovirus. There was a clear inhibition of host translation from 1 to 2 h p.i., and the bulk of poliovirus protein synthesis took place between 3 and 5 h p.i. (Fig. 5B, C, and D) . We compared the reduction of two representative cellular proteins, acidic protein 9 and basic protein 4 (Fig. 5A and C) . The degradation of protein 4 was clear at 5 and 6 h p.i., whereas protein 9 was already very much reduced at 4 h p.i. Nevertheless, neither of them was significantly reduced by 2 h p.i., when a great inhibition of cellular translation had occurred; rather, they disappeared once the bulk of viral proteins had been synthesized. occurred during the last few years (3, 4, 13, 17, 20-23, 25, 27) . These two proteins play a key role in the tailoring of poliovirus-coded proteins, since they arise from a single precursor polyprotein (17, 20, 24) . A striking fact is the high selectivity of these two proteases. Thus, protein 2A apparently recognizes only 2 of the 10 tyrosine-glycine pairs present in the poliovirus polyprotein (17, 27) , whereas protease 3C can recognize 9 of the 13 glutamine-glycine pairs present in this precursor (3, 13, 17, 22, 23, 25) . No other viral protein has been reported to be cleaved by these poliovirus proteases, since in mixed-infection experiments, the proteins of the accompanying viruses migrate as in the singly infected controls (1, 7, 9) . It has been suspected that some cellular polypeptides are substrates for the poliovirus proteases (17, 24, 26) . In that case, the degradation of cellular proteins could contribute to the acute cytopathic effect induced by poliovirus (7, 26) . However, analysis of the initiation factors from poliovirus-infected HeLa cells by high-resolution gel electrophoresis showed no degradation of initiation factors (10) . Other groups found degradation of a p220 protein that forms part of the cap-binding complex eIF-4F (26) . Nevertheless, neither of the two poliovirus proteases is directly responsible for the cleavage observed in p220 (eIF-4F) (16, 17, 19, 20) . In this report we show that a number of cellular proteins appeared to be degraded after poliovirus infection. This degradation was specific for poliovirus and did not take place with a related virus such as EMC, nor with SFV or VSV, suggesting that degradation is not the by-product of cell damage induced by viral infection. The possibility that poliovirus proteases are directly or indirectly involved in this degradation remains to be demonstrated. The inhibition of this degradation by cycloheximide or 3-methylquercetin supports the idea that viral gene expression is required.
Another point of interest is the precise timing of cellular polypeptide degradation. No exact correlation exists between the kinetics of poliovirus-induced shutoff of host translation and the degradation of these cellular proteins. The degradation of the cellular protein p220 during poliovirus infection has been widely documented (26) . Normally, to analyze the p220 degradation, the cells are collected at late times, well after the shutoff of translation has occurred (15, 26) . We should emphasize that during the preparation of these lysates, degradation of polypeptides by poliovirus proteases present in high quantities cannot be avoided (7, 15) . This degradation was less likely to occur in our system, since the cells were immediately lysed in the presence of 9 M urea and were frozen at -70°C. The kinetics of the degradation of the polypeptides described in this article clearly indicates that the polypeptides are not related to the poliovirus-induced shutoffof protein synthesis (7) . The possibility that the degradation of these polypeptides might contribute to the development of the cytopathic effect needs to be investigated. However, we have to keep in mind that from 3 to 4 h p.i. the cell membrane started to be affected (7, 8) , and this phenomenon is more likely to contribute to the cytopathic effect that starts to develop in our system from 6 h p.i. 
